Introduction
Uganda has a largely agrarian based economy with 85% of its nearly 35 million people living in rural areas and 80% of its labor force engaged in agricultural production as their primary form of livelihood. The agriculture sector also accounts for 40 percent of GDP and 85% of export earnings with 90% of this being generated by crop production. Horticultural production is one of the fastest growing agricultural sub-sectors with a growth rate of 20% per year. It contributes to value addition, income diversification and foreign exchange earnings through exports (UIA, 1999) . Horticultural production in Uganda is dominated by small scale producers (2ha. or less) who produce for both local and export markets. The most important horticultural crops in the vegetable category include tomato, green beans, cowpea, pepper, onion, crucifers, and Amaranthas spp. Because of ravages of pests and diseases on these moderate to high value crops, pesticides are among the key inputs on these crops. The increased use of chemical pesticides on horticultural crops has raised a number of economic, ecological and health concerns. Economic concerns arise from the over reliance and use of chemical pesticides which increase the costs of production. Indiscriminate use of pesticides has resulted in ecological problems of common pests developing resistance, elimination of natural enemies and other beneficial arthropods, and environmental pollution. Human health concerns focus on risks from shortcomings in protective clothing, large deviations from recommended doses/situations, and excessive run-off into the soil and water sources. These concerns are exacerbated by poorly regulated internal markets for pesticides that have fostered usage of banned or outdated products; creating a situation that if not stopped will negatively impact on horticultural exports to countries with more stringent regulatory requirements for fresh crop produce. Meeting these food safety requirements has become a major challenge for the fresh produce export sector of many African countries. To ensure and maintain export compliance, grower and consumer safety, and environmental integrity; farmers, government and development partners are developing programmes designed to improve pesticides usage, regulation and management on horticultural crops. In this chapter, three important horticultural crops grown in Uganda-20 cowpea, hot pepper and tomato -have been selected to illustrate trends in pesticide usage and regulation, and the development and application of alternative pest management practices through farmer participation and training. Cowpea (Vigna unguiculata) is an important legume in the north and north eastern parts of the country that receive little rainfall (800-1000mm per annum). Cowpea growers range from those who market all they produce (commercial) to those who consume all that the grow (subsistence). Many assert that it is not feasible to grow the crop commercially without the use of insecticide sprays (Jackai et al., 1985; Karungi et al., 2000) . Hot pepper (Capsicum chinense) is an important fresh export crop. Uganda has been the market leader for supply of high quality hot peppers to EU market due to conducive production conditions in the country (UIA, 2009) . It is mainly grown in the districts of central and western Uganda. Pests and diseases constitute a major limiting factor in hot pepper production. Insect pests alone account for about 20-40% yield losses (Asawalam et al, 2007) . Farmers often apply chemical pesticides on a calendar basis to avoid risk of yield loss. However, as a fresh product export, mainly to the European Union, hot peppers need to meet international safety standards with regard to pesticide residue levels. Failure to comply with international food safety standards is a growing problem for many developing countries and an obstacle to accessing these lucrative international markets. Thus, if Ugandan hot peppers are to be marketed internationally, there is a need to ensure that their production complies with these pesticide usage standards. Tomato (Solanum lycopersicum) is the most important locally marketed vegetable in Uganda (Kasenge et al; Ssonko et al., 2005) . Tomato production is a source of employment and income, and contributes to food security for large numbers of rural and peri-urban populations (Mwaule, 1995; Mukiibi, 2001) . Yield losses due to pests and diseases are among the most important constraints resulting in excessive use of chemical pesticides by farmers.
Status of pesticide utilization -Case studies
In the last two decades, the Department of Crop Science of Makerere University and development partners have worked closely with horticultural crops farming communities in different parts of the country to develop integrated pest management systems conducive to local conditions. As rule of thumb, baseline studies collecting quantitative and qualitative data on priority pests and farmers' perceptions of pest control measures, including utilization of pesticides, from the farming communities have formed the first step in the mode of operation. Results from these studies have then provided the foundation for development and dissemination of specific interventions for the farming communities.
Cowpea: to answer questions regarding pesticide use and perceived efficacy on pests, a multiple cases study of 18 farmers categorised under subsistence, dual purpose and commercial was conducted in the growing districts of Pallisa, Kumi and Katakwi in eastern and north eastern Uganda over two consecutive years (Isubikalu et al., 2000) . Findings showed that pesticides were used in the districts of Pallisa and Kumi as the main pest control strategy because the varieties grown there were susceptible to pests. Katakwi had only the subsistence category which did not use pesticides. In Pallisa and Kumi, farmers were routinely using a variety of insecticides at varying rates and frequencies of application in cowpea production (Tables 1, 2). Most of the pesticides used on cowpea belonged to the organophosphate or synthetic pyrethroid chemical groups. Usage was found to be specific to the type of farmer (Table 2) . Commercial cowpea growers sometimes applied as many as Pesticide Utilisation, Regulation and Future Prospects in Small Scale Horticultural Crop Production Systems in a Developing Country 21 8-10 sprays a growing season (70-80 days), and on occasion used tank-mixtures of different pesticides on cowpea (Tables 1, 2). Subsistence farmers had the lowest frequency of pesticide application (1-3 times), which was attributed to delayed application of first spraying and long spray intervals (14-20 days). Although poverty was a reason for the low frequency of pesticides application among subsistence farmers; high demand and need for pesticide-free young tender leaves, a local popular vegetable dish appeared to be the most important reason. Choice of pesticides depended on the farmer's perception of its efficacy on pests, type and intensity of pests, crop growth stage, and availability of the pesticide (Isubikalu et al., 2000) .
Pesticide
Rates used C D S Total
50ml in 15l of water 1 --1 100ml in 20l of water --1 1 10ml in 5l of water 1 -1 50ml in 20l of water -1 -1
Super ambush (Lamda cyhalothrin) 40ml in 20l of water 1 1 2 4 40ml in 16l of water 1 --1 30ml in 16l of water 1 --1 50ml in 20l of water 1 --1 30ml in 20l of water 1 --1 25ml in 15l of water 1 1
Agrothoate (Dimethoate) 30ml in 20l of water 2 2 2 6 30ml in 15l of water 1 --1 Dimecron (Phosphamidon) 30ml in 20l of water -1 -1 40ml in 20l of water --1 1 Dursban (Chlorpyrifos) 40ml in 20l of water 1 --1 Sumithion (Fenitrothion) 50ml in 20l of water -1 1 2 40ml in 20l of water -1 -1 30ml in 15l of water --1 1 30ml in 17l of water 1 --1 20ml in 20l of water --1 1 Agrocytrin (Cyopermethrin) 50ml in 20l of water -1 1 2 40ml in 20l of water -1 -1 Erbaugh et al (2003) followed the case studies with a gender assessment study on pesticide decision making and usage among farmers in Pallisa, Kumi and Iganga districts. They found that sources of information on pesticide usage varied by gender with men appearing to have greater access than women to alternative and exogenous sources of information (Table 3) . Decision making with regard to pesticide usage also varied with gender; men perceived pesticide decision making as largely a male affair, whereas women perceived pesticide decision making as a female or a household decision (Table 3) . On the other hand, there was no relationship between gender and pesticides usage, as a matter of fact, pesticide usage was more related to the district than to gender, with both male and females in Kumi more likely to use pesticides than those in Iganga.
Stage of the crop (weeks after emergence)

Number of farmers (pesticide users only) Commercial
Dual purpose Subsistence Total 1-3 5 3 1 9 3.5-5 1 3 1 5 5. Results of the survey showed a slight change in trend in pesticide usage; all the interviewed farmers used insecticides to manage pests on hot pepper. Fenitrothion, Malathion and Flubendiamide were the additions to the list of pesticides being used on hot pepper. Farmers reported using more than one pesticide in a growing season, sometimes tank mixing pesticides to improve on the effect. Farmers acquired pesticide information from different sources with the bulk of the information originating from agricultural extension workers and produce buyers ( Table 5) . (Akemo et al., 2000) . Fungicides were the most commonly used pesticides because fungal blights, especially Phytophthora are ever-present and if left unchecked result in crop losses greater than 75% (Akemo et al., 2000) . Farmers' response to this threat was to effect routine/calendar sprays with the fungicides with the majority of them spraying as often as twice a week throughout the tomato growing season. The majority of the farmers could not read labels to get the correct rates of application; the common practice was to use arbitrary measures like table spoons and bottle tops.
Source of information
Regulation of pesticide usage on specified horticultural crops in Uganda
In all the presented crops, it was apparent that though necessary for increased productivity, the frequency of usage and handling aspects of pesticides left a lot to be desired. As a way to promote judicious pesticide usage, efforts have often taken the approach of developing and transfer of innovative techniques of minimising pesticide usage and/or promotion of alternative management options. Farmer training in judicious pesticide usage has gone hand in hand with IPM technology transfer. Another regulating mechanism has been through consumer demands and the need to comply to set standards with regard to fresh produce exports.
Innovative spray schedules and alternative pest management options to reduce usage and impact of pesticides
Cowpea: to reduce and regulate pesticides usage on cowpea, efforts were put in determining the most yield reducing insect pests so that only those can be treated chemically with focused/targeted sprays. Findings by Karungi et al. (2000) indicated that pesticide usage could be reduced from the 8-10 sprays a season to only 3 well timed ones, with higher returns (Tables 6, 7). Targeting pests that attack the crop at the budding, flowering and podding stages (corresponding to a spray at 30, 45 and 55 days after planting) contributed most in increasing marginal returns (Tables 6, 7) . When the spray schedule of the 3 targeted sprays was coupled with the cultural practices of timely planting and optimum plant density in an integrated pest management (IPM) strategy; the combination surpassed individual measures in terms of grain yield and marginal returns (Table 7) . Moreover, this spray schedule would ensure that the young tender leaves that are normally picked for food in the vegetative stage of the crop are pesticide-free. The IPM package was duly recommended for transfer to farming communities. Table 7 . Grain yield and marginal returns for three different pest management methods
Hot pepper: as a fresh export produce pesticides have to be used as judiciously as possible if the produce is to comply with internationally set standards of pesticide residues.
Intervention efforts commenced with a study assessing the effect of a biological pesticide (Azadirachtin, commonly known as Neem), an inorganic pesticide (Sulphur), and prophylactic soil dressing treatments imposed on two different cropping systems of hot pepper (Karungi et al., 2010) . Results from two growing seasons indicated that plants receiving the novel pesticide treatments yielded significantly better than the untreated control regardless of pesticide type (Table 8 ). In the first growing season of 2008, plants receiving applications of neem-only sprays had the highest fruit yield ( Tomato: a study examining effect of different pesticide spray schedules, cover cropping, and innovative technologies on incidence of fungal diseases and yield of tomato was the first research to be undertaken. A trial was laid out in a RCBD, with 4 replicates and 8 treatments i.e., treatment 1 = 2 spray applications of the fungicide Dithane M45 (Mancozeb) per week; 2 = one spray application of Dithane M45 per week; 3 = Pre-established cover crop (Siratro) mulch with no pesticide; 4 = one spray application of Dithane M45 per week + cover crop mulch; 5 = 2 spray applications of Dithane 45 per week + cover crop mulch; 6 = Bakers' yeast applications once a week + cover crop mulch; 7 = Bakers' yeast with no mulch; and 8 = Control (no spray and no cover crop). Results indicated that use of Dithane M45 significantly increased yields; one spray of Dithane M45 per week was found to be more effective than two sprays per week in increasing tomato yield; combining cover cropping with one spray of Dithane M45 per week gave the highest yields (Figure 1; Akemo, 2000) . For the period 2000 to date, more alternative pest management options have been developed to help reduce pesticide usage on tomato notably use of the bacterial wilt resistant tomato variety MT56, staking, mulching and reduced pesticide usage. These components have been incorporated into an IPM 'basket' that has been disseminated to tomato farmers. 
Farmer training for pesticide regulation
IPM strategies though viable as presented above, are knowledge-based and effective implementation requires investments in farmer training and participation. Cowpea: because of the great returns of the IPM package comprising of 3 targeted sprays in a growing season coupled with the cultural practices of timely planting and optimum plant density (Table 7) , efforts were put in ensuring that cowpea growers get to experience it for themselves. The farmer field school (FFS) approach was chosen for the technology transfer process in three districts in north eastern Uganda. The FFS approach takes into account farmers' actual conditions and incorporates a 'learning by doing' approach, and had previously demonstrated that farmers can absorb IPM strategies, reduce their dependence on pesticides, and increase their ability to be decision-makers in their own fields (Chambers et al., 1989) . The cowpea IPM FFS curriculum included sessions on safe pesticide usage and handling in addition to the IPM practices sessions. A total of 166 cowpea farmers were trained. When a post-test was done on the farmers that had participated in the FFS in Kumi and Pallisa districts, results showed that 76% and 50% of the farmers were using the recommended 3 targeted sprays schedule in Kumi and Pallisa, respectively (Figure 2) . The success of the approach on cowpea led to the scaling up of the methodology to impart safe usage and handling procedures and IPM strategies to growers of cabbage (Slide 1), and groundnuts in other parts of the country. Tomatoan IPM package comprising of a bacterial resistant variety MT56, the cultural practices of mulching and staking, and reduced pesticide spray regimes was participatorily transferred to a pilot of 60 farmers in Busukuma Sub County, Wakiso district in Central Uganda over the period [2005] [2006] [2007] [2008] . Thereafter an impact assessment was executed and findings revealed that farmers only applied individual components of the IPM package; especially the bacterial wilt resistant variety MT 56. Surprisingly, only 6.7% of the respondents were practicing the recommended reduced pesticide usage schedule. Results of the impact assessment also indicated that safety procedures were still not being followed as farmers did not wear protective clothing when mixing or applying pesticides; farmers did not read labels on the pesticides; and farmers did not observe the pre-harvesting waiting periods after applying pesticides (IPM CRSP, unpublished).
Component of the IPM package being used % Farmers using the component
Slides 1. FFS beneficiaries demonstrating to fellow growers about safe pesticide usage
International markets' effort to regulate pesticide usage
In an endeavour to protect consumers of horticultural products from Africa and Uganda in particular, the European Union (EU), the main importer, constituted the Pesticides Initiative Programme (PIP) as a regulation strategy to ensure compliance of the private fresh produce sector through training in IPM and traceability. PIP helps rural producers in Africa, Caribbean and Latin American countries to stay competitive in the face of globalisation and supply chain integration and to cope with the present and future challenges imposed by food safety regulations and commercial requirements (Schiffers, 2007) . In Uganda, PIP works with exporters (19 so far) and a selected number of out-growers (>1000) dealing mainly in pineapple, banana, green bean, okra, papaya, and hot pepper; in promoting IPM especially use of bio-pesticides and natural predators as an effective means of reducing pesticide residues in food, thus addressing the risks posed to human health and the environment as well as the costs brought about from the use of pesticides (PIP, 2006 service sectors had been trained and are currently working as service providers. In-company training sessions to train the members of Export companies' staff in supervisory position such as team leaders, field assistants and lead farmers had also been effected. The training usually takes place on a company's own premises and includes topics such as hygiene, safe use of pesticides, safe production practices, and record keeping. PIP is also currently supporting the national pesticides regulatory body (Agricultural Chemicals Board) in Uganda in its endeavour to improve registration procedures in the country especially upgrading of the pesticide approval process, and the skills of the registrar and registration officers in the evaluation of dossiers submitted for registration of pesticides as well as advising the Ministry of Agriculture to ensure that Uganda's pesticide policy and regulatory framework is harmonised with EU regulations.
General discussion
High frequencies of pesticides application were reported on the presented horticultural crops in Uganda. Tomato was the heaviest consumer of pesticides at two routine sprays a week, a schedule that the majority of the farmers used even after involvement in IPM training programmes. This showed that farmers were reluctant to give up the 'insurance' against loss garnered from pesticide usage. Moreover, in Uganda, particular pesticides formulations are now within the purchasing power of more producers following the removal of the import tax on agricultural chemicals (Schaefers et al., 1999) . Heavy usage of pesticides on tomato has also been reported from other countries in Africa; Ntow et al (2006) working on tomato in Ghana showed that farmers sprayed an average of 6-12 times a season, whereas it was 5-16 times or more per cropping season in Tanzania (Ngow et al., 2007) . Such heavy use of pesticides results in frequent contact with pesticides, which can lead to significant health problems even though fungicides are the case in point. Fungicides are not easily observed to cause serious and acute damage to farmer's health but it has been reported that there is a long-term risk for cancer development and endocrine disruption resulting from farmer's exposure to fungicides containing mancozeb (Novikova et al., 2003) . The dithiocarbamate family of fungicides are also suspected to have reproductive (Restrepo et al., 1990) and mutagenic effects in human cells (Puz-y-Mino et al., 2002) . Farmers were using arbitrary tank-mixtures of chemical pesticides as a way to increase effectiveness or save on labour. A similar situation was reported from Tanzania where a study on pesticides usage in small-scale vegetable farms revealed that a third of the interviewed farmers applied pesticides in tank-mixtures (Ngowi et al., 2007) . In all cases, there were no specific instructions either from the labels or extension workers regarding these tank mixtures. Mixing of pesticides by inexperienced farmers is not encouraged because the combinations used are indiscriminate. The practice defies some of the basic principles of insecticide management. For instance, Metacalf (1980) in his recommendation of strategies for pesticide management, states that the use of mixtures of insecticides must be avoided, since mixtures of insecticides generally result in the simultaneous development of resistance. Biney (2001) working in Ghana attributed the increase in incidences of insect pest infestation of tomato after pesticide applications to indiscriminate combinations of pesticides, particularly of insecticides. Moreover, label instructions do not cover tankmixtures of pesticides and give no information on the compatibility of inert ingredients such as emulsifiers and wetting agents. It is riskier to mix two different types of formulations for example wettable powders with emulsifiable concentrates. Smit et al. (2002) observed that there was an interaction between fungicides, insecticides and water mineral content that influenced the efficacy of individual pesticide against fungal pathogens and insect mortality and some tank mixtures induced phytotoxicity on tomato. There is limited information on the reaction and effects of the mixtures being used in the case studies. In addition, farmers did not consider that unspecified tank mixing of pesticides could be less effective and cause adverse effects to their health or the environment. Instead, the tank mixing was carried out to save time, labour cost and with anticipation of high efficacy in pests and diseases control. Sherwood et al. (2005) also reported that potato farmers in Ecuador were mixing pesticides mainly to reduce costs associated with spraying. Findings from the case studies and elsewhere in Sub Saharan Africa (Matthews et al., 2003; Ntow et al., 2006; Ngowi et al., 2007) show that internationally banned/restricted pesticides such as Carbofuran and Endosulfan are still being used by minimally educated farmers on horticultural crops. These pesticides pose a serious threat to human health and the environment. The problem is particularly widespread in sub-Saharan Africa, where the advent of liberalisation of agrochemical input markets has weakened quality control (FAO/WHO, 2001) . Prior to liberalisation, there were relatively few actors involved in pesticide provision, which made regulation and control fairly simple. In Uganda, importation and distribution of pesticides and other agricultural inputs used to be conducted by the Government and its Parastatals, which had proper procedures for safe handling and distribution of pesticides. Entry of more firms into the market runs the risk of erosion of quality control and packaging standards, the breaching of national regulations and the unimpeded movement of banned or restricted chemicals across borders (Mudimu et al., 1995) . It also raises concerns about the ability of regulatory agencies to control their activities, since it requires more vigorous scrutiny and screening of imports and monitoring of distribution and usage (Mudimu et al., 1995; Williamson, 2003) , with huge financial and human resource implications for these agencies. Pesticide provision in a market-driven economy needs an effective regulatory framework in order to create full and fair competition, to protect the environment, to guarantee the quality of the products and to avoid the spread of pests and diseases (Shepherd and Farolfi, 1999) . These are critical challenges for hard-pressed African regulators. Most of the pesticides on the Ugandan market in particular are pesticides that have been around for a long time within a limited range. On record in 1999, 190 pesticide formulations had been registered (includes insecticide, fungicides, and herbicides), a pittance if compared to developed countries like the United States of America; where over 50,000 had been registered by that period (Schaefers et al., 1999) . This is a great disadvantage to pesticide users who have limited choice for safe pesticides. This discrepancy in accessibility to safer pesticides between countries at different levels of economic development poses a challenge in developing IPM systems in some developing countries. Safer pesticides are either inaccessible or outside the income bracket of small scale farmers. For such countries to remain competitive in international export markets, the policy environment, particularly regarding registration of newer and safer agrochemicals has to be more conducive.
Conclusions, recommendations and future prospects
Pesticide usage on horticultural crops in Uganda in particular and sub Saharan Africa in general, has seen a steady increase over the last decade, regulation and management of www.intechopen.com Pesticide Utilisation, Regulation and Future Prospects in Small Scale Horticultural Crop Production Systems in a Developing Country 31 pesticide usage is following the same trend albeit at a slower pace with more effort needed to ensure safety for users/handlers, consumers and the environment. High levels of pesticide use in vegetables are not unavoidable and, whether producing for export or domestic markets, greater efforts must be made to help farmers grow vegetables economically, ecologically and without exposing themselves, workers or consumers to hazardous levels of pesticides. Pesticide provision and use can be made much safer and more rational when a concerted effort is made amongst exporters, pesticide companies and farmers to reduce hazardous and unnecessary use and to ensure cropping system sustainability and market acceptability of the produce. Safer, more sustainable methods of pest and crop management exist and are being used successfully by millions of small-scale farmers worldwide, delivering substantial yield, income and welfare benefits in some of the most challenging agro ecological environments. African governments and development partners should invest in adapting and refining these methods and in training and knowledge exchange as a priority in new programmes for smallholder intensification, in conjunction with crop varieties which do not lead to reliance on pesticides. Pesticide and pest management issues and policies must be considered in a more holistic context of crop management, marketing and better cost-benefit assessment, with opportunity for public participation in decision-making. The IPM/FFS approach is valuable on a project-by-project basis, but with government backing and supportive policies could help to transform production, and bring real benefits to small-scale vegetable producers. Options for adapting existing pesticide channels to supply safer and more sustainable pest management products, such as biopesticides, chemicals based on insect pest behaviour, and insect growth regulators, need to be explored. Regulators can help by establishing fast-track systems for rapid registration of such products and enjoy better tax policies compared with chemical pesticides. Regional harmonization of pesticide registration is also an opportunity for overcoming registration problems. For example, this would encourage the adoption of a system of "reciprocity" in which the pesticide registration systems of the Great Lake countries would be mutually acceptable. In this manner, the costs of efficacy testing and quality testing could be shared, there would be less duplication of effort, and more resources would remain for the proper role of the private sector-enlightened enforcement. Market signals, reinforced with well-informed consumer demand, better understanding and communication along the supply chain, and investment in capacity-building, provide the best options for tackling many of the factors which drive pesticide misuse and dependency and which under-resourced regulatory authorities have been unable to address. Consumer perception of pesticides and their residues in fresh produce as undesirable, can lead to stronger retailer controls over what producers may use, together with greater traceability requirements and the establishment of approved crop production protocols and their consequent uptake by growers, particularly with regard to pesticide requirement, choice and adherence to harvest intervals. If compliance to these stipulation yields better prices and/or preferential purchase from European importers, exporters and farmers would be hard-pressed to embrace the system.
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